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♦NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A manufacture method of a thin film transistor characterized by providing the following that a 
source field and a drain field are formed in a semiconductor film of doping, respectively, and a gate 
electrode is formed through a gate insulator layer above the channel field between a source field and a 
drain field A production process which forms said gate insulator layer on a channel field of said 
semiconductor film A production process which forms a gate electrode with width of face narrower than 
this gate insulator layer on said gate insulator layer A production process which dopes an impurity into a 
portion which serves as a source field of a semiconductor film, and a drain field at said gate electrode 
list A production process which removes a field of said gate insulator layer which overflowed said gate 
electrode to the predetermined depth 

[Claim 2] A thin film transistor by which the level difference section is formed in said gate insulation 
section by having a semiconductor barrier layer in which a source field, a channel field, and a drain field 
were formed, a gate insulator layer formed on a channel field of said semiconductor barrier layer, and a 
gate electrode formed so that width of face may become narrow rather than this gate insulator layer on 
said gate insulator layer, and removing a damage field of said gate insulator layer which overflowed said 
gate electrode. 

[Claim 3] The thin film transistor which is formed from the material which has a dielectric constant 
higher than a material which constitutes a semiconductor barrier layer in which a source field, a channel 
field, and a drain field were formed, a gate insulator layer formed on a channel field of said 
semiconductor barrier layer, a gate insulator layer formed so that width of face may become narrow 
rather than this gate insulator layer on said gate insulator layer, and said gate insulator layer, and is 
equipped with the protection insulator layer prepared so that a said semiconductor barrier layer, gate 
insulator layer, and gate electrode top may be covered. 

[Claim 4] A thin film transistor with which the level difference section was formed in said gate insulator 
layer, and said protection insulator layer has covered this level difference section top by having a 
protection insulator layer which is characterized by providing the following, and which is prepared so 
that it may be formed from a material and a said semiconductor barrier layer, gate insulator layer, and 
gate electrode top may be covered, and removing a damage field of said gate insulator layer which 
overflowed said gate electrode A semiconductor barrier layer in which a source field, a channel field, 
and a drain field were formed A gate insulator layer formed on a channel field of said semiconductor 
barrier layer A gate electrode formed so that width of face may become narrow rather than this gate 
insulator layer on said gate insulator layer A dielectric constant higher than a material which constitutes 
said gate insulator layer 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the manufacture method of the thin film transistor of 
offset gate structure and LDD (Lightly Doped Drain) structure, and a thin film transistor especially 
about the manufacture method of a thin film transistor and thin film transistor which can be used for the 
drive of a liquid crystal display etc. 
[0002] 

[Description of the Prior Art] In order to reduce the OFF state current in a thin film transistor and to 
attain high perfdrmance-ization of transistor characteristics, it turns out that what is necessary is just to 
reduce the field strength concentrated on the drain edge of the channel section. For this reason, the 
multi-gate structure which has arranged two or more thin film transistors to the serial is adopted. 
However, in using multi-gate structure as a switching element of an active matrix liquid crystal 
indicating equipment, it accompanies by decline in a numerical aperture. So, recently, the thin film 
transistor of offset gate structure or LDD structure is used increasingly. The thin film transistor of LDD 
structure is indicated by JP,2-98143,A, JP,3-101271,A, etc. 
[0003] 

[Problem(s) to be Solved by the Invention] However, a property tends to deteriorate greatly by the bias 
test (B-T processing), and die thin film transistor of such LDD structure and offset gate structure had the 
problem of being inferior to reliability. 

[0004] Moreover, in the thin film transistor of LDD structure or offset gate structure, to raise the ON 
state current further and to make it a thin film transistor with a good initial property is demanded. 
[0005] The purpose of this invention is to offer the thin film transistor which whose ratio (ON/OFF) of 
ON and OFF was large, and was excellent in the initial property, and was excellent in reliability. 
[0006] 

[Means for Solving the Problem] A manufacture method of a thin film transistor invention according to 
claim 1 A source field and a drain field are formed in a semiconductor film of doping, respectively. A 
production process which is the manufacture method of a thin film transistor that a gate electrode is 
formed through a gate insulator layer above the channel field between a source field and a drain field, 
and forms said gate insulator layer on a channel field of a semiconductor film, A production process 
which forms a gate electrode with width of face narrower than this gate insulator layer on a gate 
insulator layer, It is characterized by equipping a portion which serves as a source field of a 
semiconductor film, and a drain field at a gate electrode list with a production process which dopes an 
impurity, and a production process which removes a field of said gate insulator layer which overflowed 
a gate electrode to the predetermined depth. 

[0007] A semiconductor barrier layer in which a thin film transistor according to claim 2 is a thin film 
transistor which can be manufactured by the manufacture method of invention according to claim 1, and 
a source field, a channel field, and a drain field were formed, It has a gate insulator layer formed on a 
channel field of a semiconductor barrier layer, and a gate electrode formed so that width of face may 
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become narrow rather than this gate insulator layer on a gate insulator layer. By removing a damage 
field of said gate insulator layer which overflowed a gate electrode, it is characterized by forming the 
level difference section in a gate insulator layer. 

[0008] A thin film transistor of invention according to claim 3 A semiconductor barrier layer in which a 
source field, a channel field, and a drain field were formed, A gate insulator layer formed on a channel 
field of a semiconductor barrier layer, and a gate electrode formed so that width of face may become 
narrow rather than this gate insulator layer on a gate insulator layer, [0009] [ equipped with a protection 
insulator layer prepared so that it may be formed from a material which has a dielectric constant higher 
than a material which constitutes a gate insulator layer and a semiconductor barrier layer, gate insulator 
layer, and gate electrode top may be covered ] A thin film transistor according to claim 4 is equipped 
with the feature of a thin film transistor according to claim 2, and the feature of a thin film transistor of 
invention according to claim 3. A semiconductor barrier layer in which a source field, a channel field, 
and a drain field were formed, A gate insulator layer formed on a channel field of a semiconductor 
barrier layer, and a gate electrode formed so that width of face may become narrow rather than this gate 
insulator layer on a gate insulator layer, It is formed from a material which has a dielectric constant 
higher than a material which constitutes a gate insulator layer. It has a protection insulator layer 
prepared so that a semiconductor barrier layer, gate insulator layer, and gate electrode top may be 
covered. By removing a damage field of a gate insulator layer which overflowed a gate, electrode, the 
level difference section is formed in a gate insulator layer, and it is characterized by said protection 
insulator layer having covered this level difference section top. 
[0010] 

[Function] the field of a gate insulator layer where the property overflowed the gate electrode by the bias 
test when the thin film transistor of LDD structure or offset gate structure doped an impurity by the ion 
shower method etc. in the manufacturing process of a thin film transistor , as a result of consider 
wholeheartedly the cause of deteriorate greatly received the damage , in sodium , moisture , etc. , this 
field became be easy to be pollute , and this invention persons found out that a property deteriorated . 
[001 1] By the manufacture method of invention according to claim 1, after doping an impurity, the field 
of the gate insulator layer which overflowed the damage by the dope of this impurity etc., the field, i.e., 
the gate electrode, of a carrier beam gate insulator layer, was removed by Mr. Fukashi predetermined by 
etching etc., and this damage portion is removed. For this reason, moisture etc. becomes is hard to be 
polluted and reliability can be raised. 

[0012] Although the depth which removes the field of the gate insulator layer which overflowed the gate 
electrode in invention and invention according to claim 2 according to claim 1 differs by whether the 
damage of a gate insulator layer has arisen to the depth of how much in the manufacturing process, 
generally it is removed in a depth of 100A - about 500A. 

[0013] If invention according to claim 3 is followed, the protection insulator layer prepared so that a 
semiconductor barrier layer, gate insulator layer, and gate electrode top may be covered will be formed 
from the material which has a dielectric constant higher than the material which constitutes a gate 
insulator layer. For this reason, on the gate insulator layer portion which overflowed the gate electrode 
with which the offset gate section and a LDD field are formed, the protection insulator layer which has a 
dielectric constant higher than this gate insulator layer exists, and gate electric field do not concentrate 
on a drain edge, but distribute. For this reason, ON/OFF ratio can be enlarged and the initial property of 
a transistor can be raised. 

[0014] The thin film transistor according to invention according to claim 4 is formed in the level 
difference section of the gate insulator layer by removing the damage field of the gate insulator layer 
which overflowed the gate electrode, and the protection insulator layer which has a dielectric constant 
higher than a gate insulator layer on the level difference section of a parenthesis exists. Therefore, while 
the damage field which tends to be polluted by moisture etc. is removed and having high reliability like 
invention of a publication in claims 1 and 2, since the protection insulator layer of a high dielectric 
constant exists on the level difference section of a gate insulator layer, gate electric field do not 
concentrate on a drain edge, but distribute, and an initial property improves. 
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[0015] 

[Example] Drawing 2 is the cross section showing the manufacturing process of a thin film transistor. 
With reference to drawing 2 (a), the semiconductor film 2 which consists of polycrystalline silicon etc. 
is formed on the insulating transparence substrates 1, such as a glass substrate. Polycrystalline silicon is 
formed with a CVD method etc., can carry out patterning of this to the shape of an island, and can form 
it. Moreover, after forming amorphous silicon with a CVD method etc., you may polycrystal-ize by 
annealing this, next — or it oxidizes the semiconductor film 2 thermally with reference to drawing 2 (b) - 
- the semiconductor film 2 top — a GVD method etc. — deposition — carrying out — Si02 from — the 
becoming gate insulator layer 3 is formed. 

[0016] Next, with reference to drawing 2 (c), the gate electrode 4 which consists of polycrystalline 
silicon etc. is formed on the gate insulator layer 3. Next, with reference to drawing 2 (d), the garbage of 
the gate insulator layer 3 is etched so that it may have width of face larger than the width of face of the 
gate electrode 4. It means that the gate electrode 4 with width of face narrower than the gate insulator 
layer 3 was formed on the gate insulator layer 3 by this. 

[0017] Next, it is heat-treated and activated, after irradiating an ion beam by the ion shower method etc. 
and doping an impurity with reference to drawing 2 (e) to drain field 2a of a semiconductor film and 
source field 2c, and the gate electrode 4. Moreover, hydrogen plasma treatment is performed if needed. 
[0018] Although an impurity and hydrogen are introduced into drain field 2a of the gate electrode 4 and 
a semiconductor barrier layer, and source field 2c as mentioned above, in this case, the portion of the 
fields 3a and 3b of the gate insulator layer 3 which overflowed the gate electrode 4 is also influenced of 
an impurity dope and hydrogen plasma treatment, and receives a damage. 

[0019] Drawing 1 is the cross section showing the condition of etching etc. having removed the flash 
fields 3 a and 3b of the gate insulator layer 3 shown in drawing, 2 (e) according to invention according to 
claim 1, and having formed the level difference sections 5 and 6. In this example, the thickness of the 
gate insulator layer 3 is 1000 A - 1500A, and forms the level difference sections 5 and 6 by removing the 
fields 3a and 3b of a flash by etching in a depth of 100A - 500A. 

[0020] After drawing 3 forms the level difference sections 5 and 6 as shown in drawing 1 , it forms the 
protection insulator layer 7 so that a drain field 2a [ of the gate electrode 4, the gate insulator layer 3, 
and a semiconductor film ] and source field 2c top may be covered, and shows the condition of having 
formed contact holes 7a and 7b above drain field 2a and source field 2c, after protection insulator layer 7 
formation. If claim 3 and invention according to claim 4 are followed, what has a dielectric constant 
higher than the gate insulator layer 3 as this protection insulator layer 7 will be used. In this example, 
since the gate insulator layer 3 is formed from silicon oxide, silicon nitride higher than the dielectric 
constant of silicon oxide, oxidation silicon nitride, tantalum oxide, etc. are used as a formation material 
of the protection insulator layer 7. 

[0021] Drawing 4 shows the example in which the protection insulator layer 7 was made to form, 
without being the production process shown in drawing 2 (e), next etching the fields 3 a and 3b of the 
gate insulator layer 3 protruded from the gate electrode 4. If invention according to claim 3 is followed, 
the protection insulator layer 7 will be formed using the material which has a dielectric constant higher 
than the gate insulator layer 3. Since silicon oxide is used as a gate insulator layer 3 in this example, the 
protection insulator layer 7 is formed, for example from silicon nitride etc. 

[0022] Drawing 5 is drawing showing the ON state current after carrying out a bias test using the 
material which has the various dielectric constants epsilon as a material of the protection insulator layer 
of a thin film transistor. In drawing 5 , the continuous line shows the value in the thin film transistor of 
structure, i.e., the structure where etch the flash field of a gate insulator layer and the level difference 
section is formed, as shown in drawing 3 , and the dotted line shows the value of the thin film transistor 
of structure, i.e., the structure where the level difference section is not formed, as shown in drawin g 4 . 
Moreover, in drawing 5 , the alternate long and short dash line shows the value of the dielectric constant 
of a silicon oxide film. If the dielectric constant epsilon of a protection insulator layer becomes higher 
than the dielectric constant of a silicon oxide film so that clearly from drawing 5 , the ON state current 
after a bias test will become large, and reliability will improve. 
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[0023] Next, an initial property and reliability were evaluated about the thin film transistor of the 
following examples 1-4 and the examples 1 and 2 of a comparison, and the result was collectively 
shown in a table 1 . 

[0024] The thing of structure which it is structure as shown in example 1 drawing 1 , and the level 
difference sections 5 and 6 are formed in the gate insulator layer 3, and does not have a protection 
insulator layer. * 
[0025] It is structure as shown in example 2 drawing 3 , the level difference sections 5 and 6 are formed 
in the gate insulator layer 3, and it is Si02 as a protection insulator layer 7. Thing of the structure 
currently formed, 

[0026] SiNX which it is structure as shown in example 3 drawing 4 , and the level difference section is 
not formed in the gate insulator layer 3, but has a dielectric constant higher than the gate insulator layer 
3 as a protection insulator layer 7 Thing of the formed structure. 

[0027] SiNX which it is structure as shown in example 4 drawing 3 , and the level difference sections 5 
and 6 are formed in the gate insulator layer 3, and has a dielectric constant higher than the gate insulator 
layer 3 as a protection insulator layer 7 Thing of the formed structure. 

[0028] It is the thing of structure which it is structure as shown in example of comparison 1 drawing 2 
(e), and etching removal of the flash fields 3a and 3b of the gate insulator layer 3 is not carried out, and 
does not have the protection insulator layer. 

[0029] It is Si02 which it is structure as shown in example of comparison 2 drawing 4 , and etching 
removal of the flash fields 3a and 3b of the gate insulator layer 3 is not carried out, but is the material 
same as a protection insulator layer 7 as the gate insulator layer 3. Thing of the structure where the film 
was formed. 



[0030] 
A table 1] 











mum 


mmrni 


, 




1 xlO 8 


1 xlO -1 


2 




S i o 2 


2 xl0« 


1 x 10" 1 


3 


ncL 


S i N x 


2 xlO 6 


5 x 10" 2 


4 




S iN x 


5 x 10 7 


1 








2 xlO B 


1 xlO" 6 


2 


tit 


S i 0 2 


5 xlO 5 


1 x 10" 3 



[0031] An example 1 and the example 1 of a comparison do not have a protection insulator layer, and 
are not formed with that in which the level difference section was formed. Moreover, an example 2 and 
the example 2 of a comparison are Si02 as a protection insulator layer. It is not formed with that in 
which the film is formed in and the level difference section was formed. By carrying out etching 
removal of the damage portion which the gate insulator layer protruded, and forming the level difference 
section from the comparison of these examples and examples of a comparison, shows that reliability 
increases remarkably. 

[0032] Moreover, an example 3 and an example 4 are SiNX which has a dielectric constant higher than a 
gate insulator layer as a protection insulator layer. It is formed and is Si02 as a protection insulator 
layer. Compared with the example 2 of a comparison and example 2 in which the film is formed, while 
reliability improves, it turns out that the initial property is also good. 

[0033] Reliability can be remarkably raised by removing the damage portion of the gate insulator layer 
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protruded from the gate electrode according to invention and invention according to claim 2 according 
to claim 1 so that clearly from the above thing. Moreover, an initial property can be made good while 
being able to raise reliability by forming the protection insulator layer which has a dielectric constant 
higher than a gate insulator layer according to invention according to claim 3. Moreover, while 
removing the damage portion of the gate insulator layer protruded from the gate electrode according to 
invention according to claim 4, an initial property and reliability can be further raised by forming a 
protection insulator layer using the material which has a dielectric constant higher than a gate insulator 
layer. 

[0034] Drawing 6 is the cross section showing the example using the thin film transistor in which the 
insulator layer which forms the level difference section in the flash field of a gate insulator layer, and 
has a dielectric constant higher than a gate insulator layer as a protection insulator layer was formed, as 
a switching element of a liquid crystal display. The display electrode 8 which consists of ITO etc. so that 
contact hole 7b. formed in the protection insulator layer 7 may be reached with reference to drawing 6 is 
formed on the protection insulator layer 7, and the display electrode 8 is electrically connected with 
source field 2c within contact hole 7b. In this contact hole 7b, it is formed so that the source electrode 1 1 
further formed from the metal may cover the display electrode 8. 

[0035] In contact hole 7a, the drain electrode 10 formed from the metal is formed, and it connects with 
drain field 2a electrically. Moreover, the auxiliary capacity electrode 9 is formed in the lower part of the 
display electrode 8 through the protection insulator layer 7. Since other configurations are the same as 
that of the example shown in drawing 3 , explanation is omitted by ****** which attaches the same 
reference number. 

[0036] Although the above-mentioned example shows the example which applied this invention to the 
thin film transistor of offset gate structure, this invention i? not limited only to the thin film transistor of 
offset gate structure, and is applied also to thin film transistors, such as LDD structure of the field of the 
gate insulator layer protruded from the gate electrode where the LDD field was formed caudad. 
[0037] 

[Effect of the Invention] If invention and invention according to claim 2 according to claim 1 are 
followed, the field of the gate insulator layer protruded from the gate electrode will be removed to the 
predetermined depth. For this reason, since the field of a carrier beam gate insulator layer is removed by 
doping of an impurity etc. in a damage, generating of contamination by the moisture which caused a 
reliability fall conventionally can be cpntrolled, and reliability can be raised. 

[0038] If invention according to claim 3 is followed, a protection insulator layer will be formed from the 
material which has a dielectric constant higher than the material which constitutes a gate insulator layer. 
Therefore, since the protection insulator layer of a dielectric constant higher than a gate insulator layer 
exists on the gate insulator layer protruded from the gate electrode, gate electric field cannot concentrate 
on a drain edge, but can distribute, ON/OFF ratio can be enlarged, and an initial property can be raised. 
[0039] If invention according to claim 4 is followed, while the level difference section is formed like 
invention and invention according to claim 2 according to claim 1 , the protection insulator layer which 
has a dielectric constant higher than a gate insulator layer like invention according to claim 3 will be 
prepared. For this reason, an initial property can be made good while being able to raise reliability 
remarkably. 
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♦NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of. this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS ^ 

[Brief Description of the Drawings] 

[Drawing 11 The cross section showing one example according to invention and invention according to 
claim 2 according to claim 1 . 

[Drawing 21 The cross section showing the production process which manufactures a thin film 
transistor. 

[Drawing 3] The cross section showing one example according to invention according to claim 4. 
[Drawing 41 The cross section showing one example according to invention according to claim 3. 
[Drawing 51 Drawing showing the relation between the dielectric constant epsilon of a protection 
insulator layer, and the ON state current after a bias test. 

[Drawing 61 The cross section showing the example using the thin film transistor of one example 
according to invention according to claim 4 as a switching element of a liquid crystal display. 
[Description of Notations] 

1 — Transparence substrate 

2 ~ Semiconductor barrier layer 
2a — Drain field 

2b - Channel field 
2c — Source field 

3 -- Gate insulator layer 

3a, 3b - Flash field of a gate insulator layer 

4 — Gate electrode 

5 6 - The level difference section of a gate insulator layer 

7 -- Protection insulator layer 

8 — Display electrode 

9 - Auxiliary capacity electrode 

10 — Drain electrode 

1 1 -- Source electrode 
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